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Introduction
A main difficulty in the estimation of demand systems using household data concerns the precise estimation of price reactions. While requiring care in the treatment of endogeneity, income effects are more easily estimated. But unless, say, one is prepared to make strong assumptions on functional form which result in a connection between price and income effects, but which, if wrong, produce important biases in the estimation of price elasticities (see e.g. Deaton and Muellbauer, 1980) , price effects are difficult to capture. The reason is that whereas data on households normally exhibit considerable variation in expenditures, this is not typically the case for prices. Very often information about geographical variation in prices or variation over time within the period covered by one cross-section is lacking, so that prices are assumed uniform over all households of the same cross-section. Indeed most studies based on the Family Expenditure Survey for instance -a long series of cross-sections of UK householdshave relied solely on year-t~year variation of prices under that assumption (for a recent example, see Banks, Blundell and Lewbel, 1996) . In the absence of such long series, researchers have ofte~resorted to combining a small number of cross-sections with aggregate time series data, the idea being basically to identify the income effects from the cross-sectional data and the price effects from the aggregate data (examples of studies relying on that strategy are Stone, 1954, Jorgenson, Lau and Stoker, 1982 , and Nichele and Robin, 1995) .
Data sets which contain information, not only on expenditures, but also on quantities consumed, offer interesting possibilities: this allows the computation of individual unit values for the spending of each household on any good for which this is true. It might be thought possible to model demand 'for these goods treating these "unit values" as prices. These would appear much more attractive for estimation purposes than aggregate prices, which are just averages that no household actually pays. Yet, since the "goods" are invariably subject to some degree of aggregation, it is undoubtedly true that much of the variation in unit values will actually result from household choice regarding the nature of the goods purchased.
Deaton (1987, 1988, 1990, 1995) has developed a way of modelling price reactions jointly with choice of unit values in data of this type, under assumptions about fixity of underlying relative prices within spatially defined areas. We develop an alternative though strongly related approach which exploits the implicit links between quantity and unit value choices. This allows us to combine appealing Engel curve specifications with a model of quality choice in a way which is consistent with demand theory.
We use the Czech Family Budget Survey which has the feature that the geographical location of households is fairly precise. The preference specification used is the Almost Ideal Demand (AID) system and the eight goods categories retained are six categories of food, plus clothing and footwear. In order to avoid arbitrary separability assumptions, the demand system is estimated conditionally on expenditures on several other good categories, on durable ownership and on labour market status.
The results are encouraging, and our approach has subsequently been applied with success. in the context of the estimation of heterogeneous labour demand functionS by De Vreyer (1996) . Section 2 discusses relevant points from demand theory. Section 3 outlines a three stage estimation methodology. Section 4 describes the Czech data used and Section 5 presents illustrative results.
Demand and unit values
We start with a development of Deaton's approach to modelling the determination of unit values. For the purpose of empirical investigation, goods are taken to be organised into m groups such as meat, fish, clothes and so on. Consumption within a group G is a vector of quantities qG. A group quantity index QG is defined as QG == kG·qG , (2.1) where kG is a vector of aggregating units typically chosenbythe data collector (like weight for meat, or pairs for shoes, but which could also be a characteristic 4 like calories if they were observed; k c could even be a reference price vector).
Group spending is

Xc == pc·qc ,
where Pc is the vector of prices.
We follow Deaton in making two central assumptions. Firstly, we assume that relative prices within each group are fixed, so that Pc = 7fCP~, where 7fc is defined as a scalar (Paasche) linear homogeneous price level for the group (for instance, the price of meat relative to other groups), and p~is a vector representing the fixed within-group relative price structure (for instance, the relative prices of different types and qualities of meat). This assumption will allow us to treat group G as a Hicks aggregate, so that Xc will be a function of the vector 7f of group price levels (generally, omission of a G subscript for a group variable will denote the vector of values for all groups) and total spending X =:. Lc Xc. 1 Secondly, again following Deaton, the price vector 7f is assumed constant within identifiable regional clusters of households, so that we will use the notation 7fc for-clusters c = 1, ... ,C. This is the central identifying assumption The assumption appears very strong, but Lewbel (1996) shows that this type of aggregation will be possible under the much weaker assumption of stochastic independence between 1rG and the vector of relative prices PG/1rG. This will be the case, at least approximately, if the relative prices are stationary over time, whereas 1rG is not. We will come back to this assumption when discussing the stochastic structure of the econometric specification, as it will turn out to be an important identifying assumption.
~c == p~.qc/Qc , (2.5) is an index of expensiveness for group C at reference prices. 2 It is interpreted by Deaton as an indicator of quality though such an interpretation is unimportant to the suggested procedure for derivation of the correct price responses for quantities.
Given the assumed fixity of P~, the variables Qc, xc,~c, Vc, as well as related variables such as budget shares,
will all be functions of X and 7r.
It is important to note that there are restrictions between the unit value and budget share equations which should lead one to be cautious before proceeding with independent specification choices for wc(X, 71") and Vc(X,7I"). Assuming weak. separability of preferences in the partition corresponding to groups used to derive price elasticities at the second stage of his estimation procedure.
If both the quantity and unit value relationships are specified to be double logarithmic, as, for example, in the studies by Deaton (1987 Deaton ( , 1988 
A simple linear specification in In X and In7r for the share equation therefore requires a unit value equation which will be non-linear in these variables. The problem here is that, once the quantity or budget share relationship is specified, (2.8) imposes too many cross-equation restrictions to permit also an unrestricted dependence of unit values on X and 7r.
Our suggestion is to specify the quantity or budget share relationship, wG(X, 7r), and then to derive a relationship between VG and QG from an independent speci6cation of (2.8) (since the form of hG is unrestricted). To be more specific, if we posit a share equation such as 4 This specification has been adopted in Deaton (1990) , Deaton and Grimard (1991) and Ayadi, Baccouche, Goaied and Matoussi (1995) . In none of these papers is the incompatibility explicitly recognised, although Deaton (1995) suggests that it might be appropriate to use (2.9) at mean sample assuming constancy of elasticities as a reasonable approximation to the truth.
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then the functional form
is not allowed for the log unit values. Yet the specification of
leads to a simple form for the latter:
3. Econometric considerations (2.12) From (2.6), and choosing for our specification the approximate AID model with a log-linear approximation to the log price index, the share equation for good i, demanded by household h in cluster c, is given by We assume independence between observations. This may appear unduly restrictive, as it rules out the presence of cluster effects. But firstly, we have to rule 5 It may seem overrestrictive to impose constancy of the weights A across clusters. However, relaxing that assumption, for instance in order to specify pc as a Stone price index for cluster c, with A C the vector of average budget shares in cluster c, would lead to cluster-specific coefficients I or 8.
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out the simultaneous appearance of cluster effects in both share and unit value equations, as this would preclude the identification of the price effects. Secondly, allowing cluster effects in the share equation only would not change anything in the sequel, provided these effects were independent of 7r. This is where Lewbel's assumption is helpful again: allowing the relative prices p~to vary across clusters -and thus become pr;} -introduces a cluster effect which depends on the latter; assuming independence between pr;} and n C makes this cluster effect innocuous. 6 And thirdly, postulating additive errors in these equations is questionable anyway, as equation (2.10) shows.
The covariance matrix n of the vectors (u h ', v h ') I is assumed constant across observations and otherwise unrestricted. This homoscedasticity assumption is less plausible for log unit values than it is for budget shares, but we reckon that it would be difficult to relax it in the quality model, as should become apparent.
A first strategy might be to estimate (3.2) replacing prices with unit values while instrumenting the latter. An approach of this type has been adopted by Pitt (1983) and Strauss (1982) . The implicit assumption of such an approach is that the vector of unit values V h is simply an error-ridden observation of the price vector n C , with a measurement error that is independent of n C •
In the context of our quality choice model this amounts to the assumption that all parameters shown in equation (3.3) are zero, so that the quality index f"h does not depend from the outlay X h and the vector n C of price indices. 7 This points to the likely misspecification of this approach since, should this assumption fail to hold, the parameters of (3.2) will not be properly recovered.
The estimation proceeds in three stages. In the first stage we estimate for each good a share equation and a log unit value equation using within cluster 6 Thanks to Philippe De Vreyer for having pointed this out.
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De Vreyer (1996) shows that a sufficient condition for this is homothetic separability of preferences.
estimation and instrumental variables in a 2SLS framework. 8 In the second stage we retrieve the price coefficients using between cluster estimation while taking account of measurement errors on the unit values. The third stage imposes the symmetry restrictions through minimum distance estimation.
First stage
Averaging (3.2) over households within the cluster c yields 1ifG" = Doe + ZCDC + L DeHln;rH + ,6eln XC + ue· 
Hi and consider the asymptotic covariance between Xi and Ui -ijC : we have
Hi which goes to zero when the number of observations per cluster goes to infinity.
B There are two reasons here for preferring 2SLS to the more efficient 3SLS procedure. First, 3SLS risks contaminating the estimates of the share equation by a misspecification of the unit value equation (or the reverse, but we have more confidence in the validity of the share specification). Second, 2SLS estimates ofthe share equations will automatically satisfy addingup restrictions, whereas this does not necessarily hold for 3SLS estimates (see e.g. Bewley, 1986 ).
Further note that the within-cluster technique adopted will not only sweep away the Ullobservable price indices from the share equations, but also any cluster-specific effect. At this stage, the independence between cluster effects and prices plays no role, but it becomes important in the next stage.
Second stage
Separating observables and unobservables in (3.4) and (3.5) yields 
Only between cluster information needs to be considered here, since no information on the price responses remains to be exploited within clusters. 
where each term of 0 is obtained from the residuals of the previous stage. This is the place where the difficulty of relaxing the homoscedasticity assumption becomes manifest. It is now easily seen that under our assumptions a consistent estimator of the vector 8c, after demeaning the TJ and~variables and scaling them by~, is given by9
Third stage
Thus far we have estimated 13 c and 8 CH for all G and H = 1, ... , rn, and these estimates will automatically satisfy the adding-up restrictions, I:H 13H = 0 and Given the linearity of the restrictions, the computations boil down to GLS estimation in the parameter space. This requires an estimate 11(;p) of the variance of the unrestricted estimator and a convenient way to obtain this is to recognise that the procedure of the first two stages falls into the framework of sequential GMM outlined by Newey (1984) , as already pointed out by Deaton (1990) . We briefly summarise this for completeness in Appendix C.
Data and specification
The data used come from the Czech Family Budget Surveys for 1991 and 1992.
Data were also available for the years 1989 and 1990, but since price liberalisation dates from January 1991, it seems preferable not to use the data where behaviour would almost certainly be constrained to an extent requiring explicit treatment.
Households included in the sample were asked to maintain an expenditure diary for a full twelve months, recording both quantities and expenditures for certain goods. The length of the recording period has the advantage of virtually eliminating infrequency of purchase as an explanation for zero records on most main expenditure items. However the burden imposed on participants must have been arduous and we were unable to use 480 households who did not take part over the full year. The data is a panel, but the household identifier is discarded between years, necessitating considerable effort to recover and use the panel structure.
Households whose circumstances change in any major way are dropped from the sample -an unfortunate feature which again diminishes the usefulness of the panel aspect and which must also affect the cross-sectional sampling properties.
We concentrate in this paper on a subsample of married couples though it is our intention to use the whole sample in later work. The wife's labour force participation is used as a conditioning variable and instrumented. The sample size obtained in pooling the two years is 4668 households. Given that the number of identifiable geographical clusters is 179, we have an average of 26 households per cluster, with a minimum of 7 and a maximum of 60.
Eight categories of goods were selected for demand estimation. The choice was constrained by the need to have both quantities and expenditures available.
Goods for which expenditures alone were available were used as conditioning goods. Detailed lists of the goods in both categories, including also the exact composition of each aggregate, can be found in Appendix A. For some commodities, the survey includes "in kind" quantities and expenditures as well as bought goods. We treat all quantities together (bought or not), defining a price index for the aggregate on the basis of the unit values. ID A difficulty with the "in kind" records is that the corresponding unit values are constant across households, indicating that the statistical office has imputed the "expenditure" on the basis of the reported quantity, by means of a national price index.
Further variables used include socio-demographic characteristics, like age and education of the household head, his occupation, the number of persons in the household and the average age of the children, and whether or not the household lives in a rural area. Variables connected with housing are an ownership dummy, 10 It is our intention to look further into the validity of this by investigating the behaviour of households consuming both "in kind" and through the market.
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an indicator for poor housing, the average space per person, and the availability of gas supply. Durable ownership is described through the number of electronic appliances (radio and TV sets, etc.) and dummies for the possession of a freezer, a telephone, a motor vehicle, a summer house or a caravan, and a garage.
ll As already mentioned above, our choice of goods categories to model is dictated by the availability of the information required for the construction of unit values. Since we have no reason to believe that this availability -related to the survey design -is directly connected to the structure of preferences, it is not attractive to assume that the latter are separable in the corresponding partition. Rather, following Browning and Meghir (1991), we will condition the budget shares of the included goods on the expenditures on the excluded goods.
Homogeneity with respect to the prices of the excluded goods will be ensured by expressing the conditioning expenditures in relative terms with respect to one of them. 12 Furthermore we will condition the budget shares for the modelled goods on durable ownership and on a variable describing the labour market status of the household. In the words of Browning and-Mflghir:
"The conditional demand system will be correctly specified whether or not [labour market status] is chosen optimally. Additionally we do not need to model explicitly the budget constraint for the conditioning goods. This is particularly significant for labour supply and for durables [... :] we may study consumer demand while being agnostic about issues such as unemployment [...] while accounting for their possible influence on demand. Conditional demand functions are an economical way of relaxing separability and still maintaining the focus on the goods of interest."
Under weak separability, these conditioning variables should play no role in the demand equations, so that we have the basis for a separability test there. The compatibility between this conditional approach and the "quality" model described above is ensured by the fact that the conditional cost function is amenable to Hicks aggregation. It will be important to remember that elasticities calculated need to be interpreted as conditional both on "total" expenditure on the
11
Descriptive statistics on the variables used, omitted here in order to save space, are available upon request. 12 Thanks to Arthur Lewbel for pointing this out.
14 modelled goods and on all these other conditioning variables.
Finally, we will also condition the unit values on variables describing durable ownership and labour market status, but not on the expenditures on other goods.
We treat as endogenous the log of total expenditure X and of quantity Qc, the conditioning expenditures and durable ownership variables and labour market status of the wife. Instruments include the log of income (which should be correlated with In X and In Qc), wife's age and education and age of the youngest child (which should all be correlated with wife's participation) and cluster means of the conditioning expenditures and durable ownership excluding the current observation.
Estimates
We start with a description of kernel regressions for pairs of variables in order to give an impression of the sample variation in some key magnitudes of the analysis. Engel curves for alcohol and clothing suggest that they may well be luxuries, this character being more obvious for clothing. The status of meat is ambiguous.
The variation of unit values with either total spending or the quantity is clearly different for the three goods.
Estimates appear in Appendix E. In Tables la and lb we report the first stage results for all goods along with their asymptotic standard errors. 13 These are the outcome of within-cluster 2SLS regressions of the type explained above: the estimating equations are obtained by subtracting (3.4) from (3.2), and (3.5) from (3.3). It is important to note that the equations presented for unit values correspond to the pure quality effects embodied in these, since the price effects 13 Insofar as we have not attempted to identify households present in both years, these estimates should be seen as illustrative only. A particular implication of this is that the inferences drawn are based on inconsistent estimates of the variance of the estimated coefficients. An easy way out of this difficulty would be to report results separately for 1991 and 1992, which ought also to be of interest in their own right.
have been swept away.
From the unit values equations (Table la) we see that the assumption that the unit value is simply an error-ridden measure of price is rejected for each category, which shows that the straightforward instrumenting approach would, as suggested, be inconsistent. Clear evidence of a relationship between unit value and quantity appears only for two goods, dairy and starches, and the effect is negative.
From the share equations (Table I b) we see that several of the conditioning goods are significant, implying decisive rejection of separability of preferences in the partition modelled goods / other goods. The woman's participation has a significant impact on four budget shares:
on meat and starches a negative impact, and a positive one on clothing and on footwear, implying also clear rejection of the separability of preferences in the partition leisure/goods. It has a positive and significant impact on all unit values, except for the two categories dairy and vegetables/fruit, and the combined effect on quantity and quality on meat and starches as opposed to clothing and footwear has a neat interpretation. Several other variables have contrasted effects on quantity and quality (see e.g. the effects of education of the household head on the quantity and quality of meat purchased), but a complete enumeration would be tedious, and the reader will be able to browse through the results without our guidance.
The suggestion that budget shares for meat, alcohol and clothing rise with total spending is confirmed: the coefficient of In X is significantly positive. Budget shares for vegetables/fruit and for dairy products are significantly negatively affected by total spending.
It is also interesting to note the influence of the durable ownership variables: possession of a freezer, for instance, which is significant in only two of the food share equations, meat (+) and starches (-), appears to have a significant influence.
in five of the food unit value equations, always entering with a negative sign. To a lesser extent a similar observation can be made for motor vehicle ownership -while little evidence of an effect on budget shares is evident, there is some evidence that vehicle ownership is associated with lower unit values for some 16 goods. The most intuitive explanations for both effects are that households thus equipped have better opportunities for purchasing in large quantities and for either taking advantage of low price opportunities or searching for them.
Finally, note that expenditure on tobacco correlates positively with the budget shares on meat and alcohol, negatively with those on dairy, starches and vegetables/fruit, while expenditure on hygiene and health go the other way round.
Second stage estimates for all equations are given in Table 2 . These are estimates using the measurement error correction procedure, i.e. equation (3.8) .
Third stage estimates of the symmetry (and homogeneity, which follows given adding-up) restricted parameters "(CH are given in Table 3 . AB expected, a higher proportion of the "( coefficients are significant than was the case for the 8 (23/36, compared to 25/64). The table also reports the minimised value of the criterion, which provides a X 2 test of the restrictions. We obtain a rejection at any reasonable level of significance, but remember from subsection 3.3 that the restricted estimates also embody a strong a priori restriction, namely that the deflator of total expenditure is a Stone price index which varies across clusters, but with fixed weights. Further research should investigate the precise sources of the rejection.
Various income and price elasticities based on the first and secohd stage estimates are reported in Tables 4a and 4b. Note that since Xc = VeQe expenditure responses of the sorts implied by the estimated Engel curves (the familiar Marshallian elasticities) combine both quantity and unit value responses. We therefore report separate quantity and unit value elasticities, but since the latter turn out to be very small, the quantity elasticities are almost the same as the usual Marshallian elasticities. Given our specification the decomposition is simple: a proportion (l/l + be) of price and expenditure responses is due to quantity changes and (be/l + be) to unit value changes. Note the implication that if be is imprecisely estimated or if be and {3e are highly correlated, then even if total spending significantly affects a budget share we may not be able to reject a unit budget elasticity for quantity -this is evident, for instance, in the clothing equation. A surprise is perhaps the very low budget elasticity of the vegetable and fruit category, which is at variance with results typically found for 17 other countries.
All (uncompensated) own price elasticities are negative except that for vegetables/fruit which is insignificantly different from zero. Several significant cross price effects are observed -for instance dairy products and vegetables/fruit appear (uncompensated) complements to meat but substitutes for each other.
Clothing and shoes also appear to be complementary.
The only point of reference we have in assessing these elasticities is the work of Ratinger (1995) , based on monthly data on 300 household of employees from January 1990 to September 1992, apparently using published average expenditures on food. Given the differences between the two studies, the comparison is difficult. The only strong similarity is that depending on assumption and degree of aggregation of goods, Ratinger reports expenditure elasticities between .98 and 1.14 for meat.
Conclusion
We have presented here a new approach to the estimation of demand systems on the basis of unit values and have argued that its main advantage is consistency with demand theory14. Another advantage of our approach over alternatives is its relative computational simplicity, the main difference residing in the second stage where we can treat goods separately whereas, for instance, a system estimation is necessary in Deaton's approach. This simplification may allow us to consider more complicated settings, where for instance spatial patterns of consumption are of primary interest 15 . Combining, on one side, a proper treatment of the fact that quality is a choice variable and, on the other side, the spatial patterns of demand, would seem a rewarding endeavour. 14 Monte Carlo experiments designed to compare its performance with alternative methods are presented by Lahatte et al. (1997) . They do suggest that our theory-consistent specification for the log unit value equation outperforms Deaton's a first order Taylor expansion, but that both specifications perform poorly when data are generated by a more flexible form.
15
In her work on spatial aspects to consumption, Case (1991) , for instance, while aware of Deaton's work, chooses to treat unit values as error-ridden measurements of prices rather than to model them as the outcome of quality choices.
Appendix A: Definition of goods
Goods in equations (LHS):
The numbers refer to the documentation of the data file. 
Conditioning expenditures (RHS in share equations)
Appendix B: Implications of the same log-linear specification for shares and log unit values
Suppose the share equations are derived from the AID functional form,
and that the log unit values have a similar form~= k+ED~~~+~~X+~,
as in Deaton (1990) .
OGHlwG
BG·
Hence, by (2.9), considering first the case where G f:-H :
where both denominators are assumed different from O. This implies
For this to hold for all w~and all G and H f:-G requires D GH = 0GH = 0, since Bc f:-O. Thus in both equations only the own price is included. But turning to the case G = H, we see that the restriction is even more severe, because then for all G which implies
so that in the end there is only one free slope parameter in each equation. 
Lg(z;,B) =0
The moment restrictions used in the first stage are
where M h denotes either exogenous first stage regressors or predicted values of endogenous first stage regressors.
for all G.
To describe asymptotic standard error formulae, define Standard error estimates are calculated using
Estimates of derivatives Ho are calculated numerically, whereas analytical computation of Go and Hr/> is straightforward. 
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